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E.mail :hanim752003@ yahoo.com * 

jnlKoll jJjlSlI 

<> ^Vlj ( % 30<% 20c%10) ^L-JI JhjIjSII i—bou <A\ lJL±* 1400 
5JjVl ^1 oJji ( % 30c% 20<%10) Lu-jNI t> <A\ UL±* j^lSlI 

50 MPa la* i <aj iLull CLbouS i - . ^Luu£JI Jjlaallj ^^JLlfaJI f>^»H ASjsua 

.2 hr^U^I ^^1400 °C iJj^a+j^ £i±Aj 

Jj^aJ] ^gJaiJI (j^alalll ) 4jj\jjji]| (j^aljiJI Cliaall ^ <Luijj.la]| (j^alj^JI Cl^j-ajJaJ 

ii 

L-Lujj e.ib) jl Jta-j il.^Ajjlj^JI AjL-ajj]|j o;Jfl]| J-alfcj ^L^iJI J)xJI CujIj) 1MHz 

i ■ )i n 'ill ^jfc Lu<sj]VI > ; 1i n*i o-^ljj ^gi La-* (JSI (j alaj i—Xiojj Cj Jafcl Jfjjlj£JI 

^ U« jjSI UxajlVI ^ju^ll jriUU Cx&j 30%, 20%, 10% 

i_Uiull Ajo 4jjtsla ^jall jj^. 30%j20% i—boull Jpjlj£ll (J Jc AjjSa^all 

Aslj3 c-Loll A j 1 1 <~i\ AAjpik fill Ajui\,t »<\\\ Lai. %10 

U. %30 l^I ^ L> £*]l jjljj jsjjSIl <> jj£I Lu-j]^U jj£j %20j %10 <-a-u1I 

Clulj ^jij (jj ij 4 j'njll AjjI Sajj 1 il>U ^jJalj JJjL ^33 4ajL^£JI (j^aljiJL ^-hjj La 

jja. t jjjIj^II o^L)j JSj lKHz j 1MHz cjbj£ll s& ^ iLull ^L^HI Jj*JI 
(^ic <1V^ 1MHz JJ>ill ^ (j-aSLujj 1 KHz jjjSSI LxajlVI umi o^L)j jbjj Lp! 

Clulj (jl (_£^i.l ojUxjjc %20 %10 t>° Lli^jlVI 1 . U n 1 o-iL)j ^ j'njll 4jjUa2LoiV I o^Lj 
jjjlj^ll (J Jfc Ajj'K <J1 liUj (j^ jj£I ^jjSj Lu^jll ^gic Ajj'K all ^iUull lKHz ^jc cl>*il 
Kjlmll ^ifc 4jj'K flll jriLull Jj*ll CujIj ^jS %10 1.11 nil 1 MHz ^jfc Lai. (^la-all 

• %30j %20 i—boull ^jc. (jn^rll Clj^ajj Lxajll ^jic. Ajjja ^11 lilJj ^ ^)jSI 



Study the effect of silica and alumina on the electrical properties of 
calcinated kaolin 

*Hani mahmood hussien ,Dept.of general science-physics ,college of basic education, 
University of Babylon ,B.O :4, 
*E-mail : hanim752003@yahoo.com 

Abstract 

Iraqi kaolin is used as a principle part of the study that include 
studying electrical and physical properties of samples that some of them 
consist of calcinated kaolin with additives (10 % , 20 % , 30 % ) of Iraqi 
silica and others consists of kaolin with additives (10%, 20%, 30%) 
of Alumina .The raw materials was well known as particle size and 
chemical analysis .Samples ere pressed at the pressure of 50 MPa and 
sintered at the temperature 1400 °C with maturing time 2 hr. 

This research deals with the physical properties (linear firing 
shrinkage , bulk density , apparent porosity and water absorption ) and 
electrical properties up to 1 MHz (dielectric constant ,power factor and 
electrical conductivity ) .It was found that increasing of Silica additives 
gave less values of linear firing shrinkage relative to the Alumina 
additives .The samples with Alumina additives have greater values of 
bulk density relative to the samples with Silica additives at the ratios 
20 % and 30 %, while the influence was less much on the bulk density at 
percentage 10 % .Through studying apparent porosity and water 
absorption with percentage 10 % and 20 %,it was found that samples 
contain Alumina additives have greater values , while the opposite was 
found at percentage 30 % . 

Through studying the electrical properties ,it was found 
that ,within the extent of frequency 1 KHz , the samples contain Alumina 
additives have greater values of dielectric constant compared to the 
samples contain Silica additives .The samples contain Alumina additives 
have greater values of power factor and electrical conductivity up to 1 
MHz . Also it was found that, at the percentage 30 % , Silica additives 
gave less values of dielectric constant and electrical conductivity ; while 
the influence was less much on the power factor compared to the 
properties of samples composed of calcinated kaolin. 



Introduction jJgjj 

^'nl-ill ^ilall ^ Clil inaJl 4±H>4 ^-s"ill <_£>Li. (jxt 4j]UJI 4j*L*a]| UL^-I j 4jtlall 
jjj ^gJj oJj^c. Clij^j dj;Lil j .^Igiaj lLi^j (JjW ££kc\s&l\ j (jjj^oll jjc. 

ej.^ (jjJI (Cordierite) cjj|^^jj£JI L£ c 4ial£ia]| ^Ijtf 

lilxaj^joi j c ^jj"u' 1 * ^ 'iji^jjAjA j ciuliJjl^l ^ ' 4jcLa^. j Kobayashi 
j c^liJjl£]| t> [3] Kato jKobayashi t> <_£ s^^- c£-^ (Anorthite ) c^j^VI 

4jaj|^l Igj-iUuaj jUlaVI J^-^J (Calcite )fj^Jl^l CjljjJjlS 

^al^la <_£A> ( high crystallinity ) jjIj^I ^Ic- CijUjJjISII jJa .^jj 
cak^j] L£( (vermicular stacks ) J^l ^ ^4 tr*^) el?* 
J£i cjI3 cjluxJI jjSij ( (1A) ^ joxa L£( SEM ) ^.Ull ^Jjj&WI j*a-<JI 

(j^ljiJI [5] (1B ) Jlill u^ 0 ^ ( pseudohexagonal ) <-ijl£ ^Iaui 

j JV« 100 u c 

(300 _ 200) °C S)|pJI tlllaL^ ^gi ^ja£bj IgiU AjjjJjxSI JjaII ^ 4lila L-boij ^Jz.J 4JU. ^ 

^cj ( 500-400)°C Sjl^ 1 ^> ^ l^j lM j 

( , CaC0 33 MgCO) ^bj^l Ji^ (900-500) °C Sjb- ^Uj^ 

jj^i ^ Fe 3 0 4 J\ Fe 2 0 3 (1200-800) °Csjl^ ^Uj^ 0 2 jl& jj^i 
Ja£ ( 600-500) 0 Gj1>^ a^jJ c^UiJ^l^U ajjjIJI ^ c^l^l U. [7] 0 2 Jlc- 
CiUiijllil Jj^li( dehydration) OH a^jja^JI jl^aa J!>U. ^ ^LJI cjlli)^ 



Al 2 0 3 .2Si0 2 .2H 2 0 ► Al 2 0 3 .2Si0 2 +2H 2 0 f 

Kaolinite met kaolin steam 



2(Al 2 0 3 .2Si0 2 )£25_^: 2A1 2 0 3 +Si0 2 1 10Q°C 2 (Al 2 Q 3 .Si0 2 )+SiQ 2 140 0 °c 
meta kaolin silicon spinel pseudo-mullite 

► 3Al 2 0 3 .2Si0 2 +Si0 2 

mullite cristobalite 
Ajjj^LoiL Al 2 0 3 .2Si0 2 ) Ij^jWIj ISjLJI <> (mullite ) c^ijA\ jjSL 

^ ^Ij ^jjlJI Jl^VI t> JL5( Si0 2 (c^^jillj. [8] JJa 

cAAji ch^J . [12] [10] ^j^Jc sjpc c^Up chyJ 

t >JUI c^UJ^lSU *jSLj«£1I ^IjiJI ^ JUJI ci^JI Uu^j. [15] [14] [13] 

4jjL^£]|j oaljaJI ISjLJIj Uu»jIVI jjjti 2LJ)jj 1400 °C <*>yu 

. 1400 °CSj1^ A+Ju S^Ll! jriUl] 



Experimental work and tests 



( ^b>.j d*j j 1400 °C umiK^II (jj3jl£3l) <A^a jI ^ 

J^l(l) J j^JI u^j. (98-99 )%t+J ( a -AL 2 0 3 Uj-jWI ) ^jb^i jIj- j 

Atomic ) jbjA ^IvViMib ^ajjjjl <-Uj J U^3^ ^b*/^ J^bsall CLnyJ\ 

Shimadzu AA-) £y ( Absorption /Flame Emission Spectrophotometer 

<— all] 1 (jJjl^JI jjjIj£JI 4ojojj Jj-iau e^lcl jb^aJI ^1.^*1 ml ^Jc elfi-j^a £-a (670 
. 4-ujjll 4i£>L]| r'nOViMil tillil j jl^aJl 4al=Jil 4j2kbk)ll *]>>Vl 

jiaSJI J^-a (jjoUl ( Coulter Counter Multisizer )<* jki* cj ^iU b£ 

i ii ^1 i— il nj"»ll (2) lJ^hLI^ 0££ J *SAjVI .il^a]l (j-j^bobaJ 4jtjjjj j ^jLUaJI 

(jjJJJ j . (jMiKflll CluliJjl^JI Jjjp i ii e\\ Cj\ njlfcjl _^>ia3 (3) (JSjuilljt lifajlVlj KjImiII 

(jjj^uairfs <_Jjj^aaJI .«La^aJiubttll 4_JjVI ^Ij-a^l tjj^l. > n <\\ ^ n;^»ll jJaflJI J^x-a (3) (Jj-^?-^ 

<_bvia aJojoiIjj (Jiall ■4-iLafc al.IaJiuib 4 5.4 /iftl ^ n;^» (J-^*- 0 lS^ "^tU^ U^3^ 

V^**l i nb 4-ajJajl ^bkj (_bij l3J^* i urt ^-a Igjlj AjL^UI 1-UujIj c 20 //m U^aS CljUaS 

AjlaC. (jj^J bxajlVI ^j^joia] <*j)jJj ^ nj'sll ^Jaill <J.A*»a (J^bS 50 JL0TI lS^lIa 

spa ( Mettler A 50 ) £jj ul>^ <_iuuJI <jjj <_£bk ^ iLull c±y±*> 

^ eAAa^l 4jj)j]| i_bou]| £jJajjj c^ljjll (J Jc 200glTL4 10" 4 gm J^aJ lS-^J u " 1 

jLLJI pUI ^1 Jokij t (300-200)ml ^ 
4 5 hrs^a] j (80-70) °C Magnetic Stirrer ^ ..nViU™ Ja^U 

A 1-iMiljj % (15 — 10 )^il>^ '^J^j Ajjia^ll (_^a l&ljia-a ^ CS^^ 'J^- *~- (jj^J (jj^ 

lJIL ( X-press Hydraulic) o*&*t (50 MPa ) SaJuJaj ^iLull (jxi.Law c^ouS 

48 hr oXa] jin all ja. ^ ^iLull diaaa 4 10 Cm<fclijjl j 5 Cm s>laa IjU a ^L-a 

^C yi^l cLixSj 50 ^C ^rt)^ -^c ^L^^ 4 ^ I'lti^ij 

yl^ t> 2 °C/min atJj J^«-aj ( Nabertherm ) ^ u>j iL<u]l out ^. 100 
CjL^L, Jl^j 1400 °C/min J\ 5 °C/min ^ 400 °C 5i>JI 

Cj\ SalaJI (JLiUj^aI ^fjjjil Ajjlall L_Loiill (4) Jj^aJI (JJJJJ. (^Ljajj t j^j)^-r^-^l s-^A ^C- 

. i*l-s lib <j^abUI 



<cjj±J1 jJaSJI J^«-a :( 3) Jj^=JI 
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£ iLull ( Linear Firing Shrinkage) t5 Ja^ll u^alaoil ajjUI t-wJI cai. 



[17], 



R — R 

% Linear Firing Shrinkage = — XI 00 

.(mm) ^jjAill jLa : R c(mm) Jj^JI ^i^ull jLa : R Q j) tl 

: [17] <jjVI a£>USI L-ixua (Bulk Density p;— " <>.^j 

Z?«/A: Density = — ( gm/cm ) 

(cm 3 ) ^ijAjll ^ : V j(gm) £j>ajil <t£ : M : <jl <Jjj». 
( Water Absorption )*.U1I 4jj-aU^alal j (Apparent Porosity )Aj^lkll ^aoU**]! j 

: [17] 4iiVI c^bU^I t> 

W -W 

% Apparent porosity = — — x 100 

W s - W, 



W -W 

%WaterAbsorption = — ^ -xl00 



: Wit (gm) p-LalU ^LJI ^i^l : W s c(gm)^jl?JI :Wd u' ^ 

.(gm) elX 

j) dua. ( Lybold Heraeus Coating ajc.\J1\ jpJ^\ ^jku ^bikluAj <J£ 
HP 4284 A Precision jl^ JUU ^ j( 11.939 cm 2 ) yjjUS ^J^l 
^.ajlLJI j 4juJI *J (jjaLSl ( 20-10 6 )Hz iiibjjSlI j t LCR meter 

s;^L j % 0.05 j 4juJ,\ (JjoLS 4l> j all CjbjjSlI Alt £ ij^j JS3 

cjjajllO 8 ohm gjfc 1^1^ jl*aJI ^.;Wu,n ^ajlLJ] 4^ja ^Jfc! j c 0.0001 

c(tan8 ) Spall J-alc. '(£"' ) gH^Lte^ <-l)*^ (jfl.^n JJ)J J£ ajfc( R p ^jliLJI 

.[ 19].[ 18]^, G ) ^bj^ll Ui^l j( yc» J^Lub^ll 2Lu,\LJI 



H S C P 

1 



=o A 



tan 5 = 

R p 27tfC P 

n A 

p = R p (ohm.cm) 

1 ! 

(J = — (ohm.cm) 

: u' c ^ 

(m )( J J^JI u£ <ri J^' t ^ AJJ1 : # s 

(F) A-aja ; Cp 

^ : i? P »( m 2 ) J jUI : A«( F/m 12 " 10* 8,854 ) £1 J* 11 : e Q 

.(Hz) j-jll ^ -kUJI ^Uj^l JU^ll jj :/<(ohm) jW^ 1 WV-y Mo^l 

Result and Discussion i^ILuIlj ^ImII 

\±j^A\ qa (JS3 ^jjoJI (j^aljaJl ^jtljll (7) j(6) j(5) j(4) Jl£oiV1 jJJJ 

oj|^i. 4-=^)-iJ o \lUll ^iLail] <xa^aj| 4ilj£Jlj (J3_>=J1 <_gJaiJI (j aliallj #.L<JI 4jj^aU^alalj 

. 10 ) ISjUI t> ^ j.nKoll ^1^11 cojUJjl^l <> 1400 °C 

dO ) VjJVI t> ^ t >KJI ^I^JI c^U^KIl t> >Vl u^ullj % ( 30c 20 

il. ^jjXa]! (j^aljaJI ^ifc Cj liLjaVI si* JJjta] (jjijj Jj^ao <JaJ <j» tillij % ( 30c 20 
<luU aijj %( 28c 27c 24 ) jbjj ^xaLaJI 4juoj jl (4 ) JiiSI 

sjbj ^ <wi sjL) j! Jj ^ ^ ^yu. J\JA\ %( 30c 20c 10) lijUl 

(_si Fe203 <Wi o^L) ^ixj <ju*j o^L) jli lilt 1£jUI L-uljjiS Fe203 aj^sJI 
La-a. [21] Q 2 (^,?"^jVI Ji^J Fe30 ^j Fe203 t -y= 4 " jr^j^l ^?A>j 

. U^jlll % 30 AjJ^1\ jriUl! 
% 20 j% 10 ^ lljUL UxojiVI SjLj jj (5) j (4) juK^I t> J^^L 

ij . Uxajll ^Jfc ^-iLajll JSI ( densificatiOIl t '^^Ml J^a-a) 



<— ajxjj ejj^aJI (Jl i jL Jjjp i n*ill i— il ua (jjj -LjIjjII Jjjp jll 4jlaxJI Igjb \;;l"ill 4 jUr- 

(j-a (J jauou> <jojjj£-a 4ilj£j 4jtla jll 4ala*JI l^jL Liajl 

£_a AjaiA^lla (jj^. uu> CLiUnaJ tli^aj jll 4jL \nl"ill ^Jiaj^a-a Jj ^ 23 ^ Cople) 

CjLaLaj-a]| (j^alflJC ( pOreS ) CllLaLaiAll <JfLj J jjjij (j fi i <aJJ J^J (jj - ^ ■ ""'H >ijc IgjJaxJ 
(_3j^» i luJ ^JAiaJI £jjjlll (jj ^=lj ( 3)j( 2 )(JjK Mill "UazOLa (j-aj. ^ nj*s H J-ajll 

J^a (j^jaljj'- 24 -' Chapel -^J il. KjImiII Ja^Min J lax jj£I jjfL IjxajlVI 

^iLaiU 4j-a^aJI 4ilj£JI (jl (6 ) (JSjill (jJJJj. ^ n;^»ll £J_)j!ill LHL)^ - ^ c " ' «/'^*'^ 

lifajlVI jtlaJ i"n^>. KjImiII Jc. 4jjla-a]| ^iLaill (jx ^)j£l lifajJVI ' . ljujj Jc. «\ll 

JfLill iji^ AiliL-a KjImiII 4ili& jj^. J [8] 3.9gm/cm 3 <ili£j 
( 2.27-2.26 ) ^La,^( 2.65-2.6) gm/cm 3 jSjIjOI: ^jjUI 

Jo ^iUll jti [25] gm/cm 3 ( 2.33-2.29 ) c^>^<gm/cm 3 

. <Jal 4j-a^i. 4ilj£ dili (jj^J ( Lly!iljjjjaiJj£ jl CluLaJjjjj) KjImiII 
<Jal jj^J KjImiII Jc. jJI iLajll (j>a-ll JaiJI (j ^1'q'ill jl (6 ) JfLill (jJJJj 

^a^i. o-iljj 1 (JjVIc (julalfc Jl lilli L-lli ii (_gj*J. lifajlVI Jc- LSj^ 5 -^ J^ ^iLajll (j-a JJJ^J 

Ljoj! ls'^j ^ ^ Fe30 Jj Fe203 l>° O2 jlc- jj^j <al*-^l cjULoAll 

JOajll: jliSI. <^a^aJI 4ilj£Jlj (j^l'qill 4juaj (j^aSbj JtjlLj ^ijAoJI AxJl J JlJUJ J] 

>Vl AjJJI JliSyi Jl ISjUI Jj^i ^L^y ^ c^^-l^ 

.(_3_^ail JaiJI (j^ai^l L>° La-a Lly!iljjjjaiJj£ -4- CluLaJjjjp^ — -£jlj£) 
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jjaJ] (^Lilt oo&JI Jc Ul« jIVI j ISjUI 4^ jjjU (7) Jiill 



JjJI AiW\A\ gttfcjl ( 10) j (9)j(8) J tl&l cx£ 

(jx ^jJaOJj l i " 1". )\\ ^iLaj ^jo?*! ^L^^JI (JIa oil ^^jp £-a 4jjL^£JI 4aii^aj!lllj ojjill J-alfcj 
SaLouJl ^Jb^l JU-aJI JJ)J ejLj <*-a Spall <J-alcj Jj*JI i— u\j ^ (j^sSllj s!>lfcl JlSaiVl 
Aijp ojLj C)\ J] LSj4 2%] ' [2?] [26L [16L ' ^uM^ t> Ate gttttj ^ml! S iA 
4 la L-il Sajj i ill J\j 4jjjj]| AjjlLaloiVI ^aALoa jU^aij ^Jl (J^Jj SaLouJI ^L^JI Jla-aJI 

^iLull <j3*]| diilj ^ja ^jL-aij Jl (j^jj ( _ ? K1I jaiLoiVI space charge Aa&j^l 

^j^ajll (j J& LaLouJl ^Jlygl]! JUmaII JJjj SjIj) jl . ^Jb^l JU-oJI JJ)J a-ibj £-a 

La-a ^jjL^^I <Jla-a]| jjiu <J^I>a ( _ ? lc 4jia-a]| 4jjL^£]| i—jUaSVI t— iLjLjj (>a (J^ 

oj.is]| (J^lo (j-aSllj ^jJj La-a JoLoia]! ^jjbj^JI <JLa-a]| (_^a 1 g i o'i ^gjll 4iUa]| (_^a Jlaj 

L_il SaSlu^iU i-il/ynKj* ate ( 11 )J£oiJI jJJJj. JaLaJI ^Jb^l JU-all J^jj a-ibj ^ 
<-_ajjai3 J^. j] (jjj (Jjlo Cff^ - LSJ-*^ <*joila ^gi^ia ^gifc ^L^g^ (J^?- 0 ■ ""' ^jjbj^JI 
AaoLill AjjIjj 4jia-a ^»jjc ^] jj3 <JLaJlj <x=k j-a]| i— ll'i^. ilil! j£j>a] A-1«-i >i j-a 4-=»-l)) 
<Jla-a]|j ^ Jin 'ill <_5j*JI CIajIj JaJJJJ (_S"^lj ^Ly^JI i— ll Wq'l i nV I A A nr. (illij Cj^jS 4jjL^£JI 

P=g 0 (e r -l)E 

: jl ilua. 

t Mi noil ^Lj^]| Jl^ll :Ec ^bj^ 1 Jj^ 1 ^ '- 8 r '^^■"Vl =P 

AjLliil j ^uJI J>JI cjjlj joj aS%x]\ ( Clausius Mossotti) 4j^U-a ^Ja*j j 

-: [18] ^Vl 



A^a 0 e r -1 

3 g 0 G r +2 



jx i caJJ 

AaIxj il. 4jjL_^£JI 4jLj^3jj]| SjLjj c£A3fc! ' -a - a ^ "bsfr" 1 ^ ^iLaiU 4jjfLa]| j IjJaVI 
Jl^VI jjfj . <*jja (J Jfc 4j£xa|^jJI jIjaJ] 4jjLj^£JI 4aiu^ajj]| 

4^ ^ gniK^l ^1^11 CoAiJjl^l <> SjjSUI jriUl] AjjJI (j^ljill (10)c (9)c (8) 
(j^alj^. tl)Uiaj-a Cia <OjcHz 10^ d) bjjflll j-a (_£.lalj IjxajlVlj ISjLjJI dlliliJal 

(Jul jjpb Ajiaa] (8 ) <J^I jriLull ^J.n>l SaLouJl JLvJI JJjJ £-o <J)*]I CijIj 
4jLj^ajj]j ejjlll (J-alfc CLlUia 'i<>1 4jb ^juoII ^jjIj.^Lj^JI <_))*JI <— ulj <_s-lc- IjxajlVlj 

Jat cjbjjil! ^ (8 ) JLill t> i^lj ij. JI>UI (10) j (9 ) uj&SII ^ ^j^l 
Uxajll (jjlao jriLull ^JLjglll Jj*JI cjjlj f£ jU ( logf=4)lKHZ <> 

J-alc. ^ajS j) (10)j (9 ) (j)K Mill (j<s lj>-<ajl ^ ' ?T*n. KjImiII ^gjc. Ajjla-all ^iLajll (j<a ^)j£l 
^^jj lilAj]VI ( _ s -l c ' ^Jj"l^> flU ^iLaiU ^jJalj (JSjujJ ^)J^I jj^J g^l-i^^l ^*j"'^J oj^all 

^Jc. Ajjla^all ^jLull ^fl l^u£ jjfL 4 nnll AjjlLalojVI JJjIj jj ^Jl lilli Cij*^- 1MHz 

jjc. jl ( multiphase ) jljWI s.ia*l» 4/njll SaSLoiVI tij^j Lu^jlVI 

^gi 4jjL^£JI Aaiu^ajjll Sah^ „ jljLl ^j^j jl dua> ( heterogeneous) (_>aljaJI 3 uajL>l9 

4jLj^ajj _l£-£VI jljiaVI dlliajuill ^l CS^^J^ J^?- 0 <*ilj]| aJsLall 

Aj^AUa o^Lj 1 . 'J'"J '-a- 0 ^ jlj' ^ij^ cJ^VI jljiaVI (jc l^li ^iq'i ^all ^aJajqJl ^jc l^a^jjpj 
jl Aj^AjujII i_j j;i*JI i ; ijmij dilla Mill (j^aljjalj t'"'t^J (jj (_jJ^)^^l (J)*^' <-^lj 

^ ^ [31],[30],[27],[18]^ li)4£l) ^y^l ^ ^ j CjULo^l 

( . i ii p"i AjllxJI A^aLobttll (jj ij AjjIj_^£JI (j^alj^JI ^^-Ic IjJqjI Jjjj cJ}!*^! ^-Jajuj (J^alj^- 

iJ^J J^-ll t>° ^-JJ^>1I (j^aU^alal ( tailS ^^^jxll jljaallj i— ulfi o^ljj 

:^=ljjAi^JI dlbjjl jjaujS 4j^fclfl]| djbjjVI (J^lffij (jjl*il (J^b ^gJJ ^Ajj3 ^JajJI 

H 2 0 + K + ^.H + +KOH 

SjLx x«iuj . [26] 4j^&li]| cjljjjVl 2-« ( interdiffuse ) Ul^-b cjbjjVl 
JjUH <j^a!I <jjJlj( mineralogical ) ^^-all 4-ySjpll ^ 4jjL^£1I u^aljaJI 
^ sjlj> ^j^l <>j^l Jjl*il ^ [32] (Chaudhuri 

o^ljj £_a (j^aljiJI si* l " 1 > ^i^Ijj (jj^. lIuV^aII tl l|;jL <JUaj o^Lj -^C- <^3*^^ (jljSflllj cJ)*^' 
J>JI Cajla] 4JU1I ^jall Lujoj J s!>lfcl j£i Lai ISaj lillil. ^1^)11 JL^' 

(jjfL (jl j^-aJ ijc4ja.jjiall AjaLoiaII 4juoj jjjIj ^gJj 4iljJaj 4ajL^£JI A \\u <~i ojjill <J-alc.j 



• (J^JJ-^I 

jl Igjli (J IfL^VI (j-a Ja^Lj 4jjL_^£JI (j^aljiJI ^g-lc 1£jUI 4juoj o-iLjj 

ajSa\\ (^Ac fji j£b" ^-a 4aiij^ajj]|j <J)*JI L - 4^ UJ-^ % 30 I^jImi 4ajaj Oic. 

% 30 AojoU j b tilli J^.JaflS (jioKinll LluLnljLllI j)* J' ^ ^i^ajJI (j^alj^J 4jjlLa 

^1 ojj^J LS-^ ^ tt - tt ^ij-ajU 4jj^x-a]| jljJaVI j^J^j ^ _>£l 4jjajLvj <_5.ll KjImiII (j-a 

AjLj^ajllI sjjAj <_Jlaj La-a djljjjVI ^ J 'il£o<a (j-a <_Jj]ajllj 4jinll AjjlLaLoiV I (J^^ 

l£jLoi % 30 ^gic (_£ j"i-s ^11 ^ij-ajl] <La.jjLall 4j^Loia]| 4juoj jl (j* ^Cj^l ^jL^£]| 

j^ Jal jj£j jojtjJI Ioa jl Vtt( 4 J^l)-^ j.nKflll cjjliil^l^ll JU. ^ La-a jj£j 

.1£jLj % 30 ( _ s -lc- (_gjla-a]| ^JljAill ^ jljiaVl 4jjouL>j JJpb 
jb bjjli (JLLjVI (j-a iia.!iLj o^gjbjgjSJI (j^aljiJI ^jifc bxa jT_M > . ImH JJ^b "UazOLalj 
■Aifcc ^aj (8 ) (JfL-oll (j« ijc ^jJalj <J^-"^ Ajjjuil 4jjUa2LaiVI j-a Lu-ajlVI o-^bj 

jj^jj Lu^jiVI <Wi o^b) ,x-a J>JI t-ub jIjJj ( log f=4) lKHz (j* <JWI ciibj^ll 

j-a <JaVI i— -iic.jc.Lsa jjoiK-all LlubjljLlJI (j<s jjSlall ^jsj-aiU <_3)*ll <— ub (j-a ^)j£l 
<_gi La-a ^»jill jj£jj LuajlVI o-^Ljj (J^*^ l— ub <J2i (^((jn^rll ('"'t^j lKHz 

o-iLj (10) J (9 ) jjK Mill (j* J^>bj..ksa jMiK^ll Cajbjljlill jjSlall ^ij-ajll 4JU. 

dj o^Lj ^-a A jlji jlllj oj^ill J- 0 ^ 




-A — 100% fired 

kaolin 
-* — 10%silica 

-± — 20%silica 




log(f(hz)) 

5 jjill J*lft \lu jN\ j l%lui!1 jjj'Lj (9) JiuJ! 
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